In advanced chronic nephritis the kidneys have a diminished capacity to form a normally high concentration of urea, creatinine, or sulphate in the urine, and the composition of the urine-as judged by the percentages of urea, creatinine, and sulphate-approaches that of the plasma from which it was formed.
chlorides, though apparently unnecessary to the organism, is maintained until the end.
As Mayrs pointed out in 1925, this conclusion seems inevitable physico-chemically but does not make sense biologically. The observations I will describe, together with a number of well-known features of the disease, seem to offer a simple explanation of the difficulty and to reconcile the physico-chemical and biological aspects of the problem.
The experiments were simple. 15 grm. of urea dissolved in 100 c.c. of water were given under comparable conditions to all subjects. A sample of urine was passed before giving the urea and four or five samples were passed at hourly intervals after giving urea.
It was found that in normal subjects urea caused an increase in the urinary chloride excretion and that in patients with nephritis the degree of the increase was less. Also, under the stimulus of urea the percentage concentration of chloride in the urine of normal subjects usually attained a level of 0-8% sodium chloride (figs. 1 and 2) which is above the percentage of chloride in plasma. In patients with advanced chronic nephritis the maximum chloride percentage seldom att.ained 0 4 % sodium chloride, and in my experience was always less than the chloride percentage in the plasma (figs. 3 and 4).
By determining the plasma chloride, and also in other ways it was shown that the defective chloride excretion in nephritis could not be attributed solely to a depletion of the chloride reserves in the body, and it seemed almost certain that it was mainly due to a defect, of renal-not of extrarenal-origin. Also the kidneys of normal subjects were able to increase simultaneously the percentages of urea and chloride in the urine, whereas in nephritis we observed the fundamental difference that a rise in the percentage of urea was almost always accompanied by a fall in the percentage of chloride in the urine ( fig. 3 ). Fixation of the urea percentage was associated with fixation of the chloride percentage ( fig. 4 ). Now an increase in the urea percentage, by itself, would cause an increase in the total osmotic pressure of the urine, and a decrease in the chloride percentage would cause a decrease in the total osmotic pressure. Often the degrees of these changes inl the percentages of urea and chloride after giving urea are such that they compensate for each other, so that the osmotic pressure of the urine due to urea and chloride is relatively unchanged, but nevertheless, physico-chemically, the fall in the chloride percentage in urine below that in plasma would appear to involve the expenditure of additional energ,y by the kidney. This difficulty appears to be surmounted in the following hypothesis.
Proceedings of the
We know already that somewhere inside the renal tubules, even in terminal nephritis, the urea is concentrated locally by the activity of the remaining relatively healthy cells to above the percentage of urea in the plasma. For this hypothesis, it is of no account whether this concentration takes place by the reabsorption of fluid from the glomerular filtrate or by the secretion of urea into it. The increase in the concentration of urea will inevitably increase the crystalloidal osmotic pressure of the tubular urine. The suggested hypothesis is that in damaged kidneys some of the renal tubule cells are no longer able to resist the diffusion of water in whatever direction would be determined by osmotic forces. If we accept this hypothesis we must expect diffusion of water from the blood into the tubular urine, for this tubular urine, owing to the concentration of urea, has a greater crystalloidal osmotic pressure than blood.
With sufficient damage of this type, the diffusion of water may continue until the crystalloid osmotic pressures of blood and tubular urine are almost equal-as in fact they may be in advanced chronic nephritis. In this way it seems possible to explain several features of the disease. The hypothesis accounts, at least in part, for the polyuria of advanced nephritis, because water, diffusing into the renal tubules and rediluting the urea, will increase the volume of urine excreted.
Diffusion of water will also tend to reduce the urinary percentages of substances such as urea, creatinine, and sulphate, which are normally concentrated by the kidneys, and it will cause the percentages of these substances in urine to approacb their percentages in plasma.
The low chloride percentage in advanced chronic nephritis, which is well below the percentage of chloride in the plasma, may be explained also by the dilution of the tubular urine with water which diffuses into it through damaged cells. It is because the urinary chloride is not much greater than the plasma chloride, even normally, that on dilution its percentage falls below;the plasma chloride.
The inverse relationship between the percentages of urea and chloride in the urine in advanced cases of nephritis is also explained readilv by this hypothesis, for, as already indicated, diffusion of water will tend only to equalize the osmotic pressures of urine and plasma, and therefore an increase or decrease in the concentration of one of these constituents (by increasing or decreasing the inward diffusion of water) will cause a relative decrease or increase in the concentration of the others.
Inability to resist the diffusion of water will also explain the inability to dilute much further the already dilute urine of advanced nephritis and to develop a diuresis by water drinking; for diffusion of water back through the damaged cells into the blood would tend to limit the degree of hypotonicity and the volume of urine excreted. Now posterior pituitary hormone will prevent water diuresis and will control the polyuria of diabetes insipidus but it will not control the polyuria of advanced nephritis. This we can understand very well, if the polyuria of nephritis is due largely to the osmotic diffusion of water into the renal tubules.
The approximation of the reaction of the urine to that of plasma is also explained by dilution of any excess of acid or alkali in the urine by the diffusion of water into the tubules.
By an extension of the hypothesis it is possible to explain the anuria of acute nephritis for, if severely damaged, the cells may become permeable to dissolved constituents as well as to water. In such a case the protein osmotic pressure of the plasma in the tubular capillaries would draw back the fluid previously filtered from the plasma in the glomeruli. That this may actually occur in the frog has been shown in the classical experiments of Richards.
It has been observed recently that although the urinary chloride percentage is low in advanced nephritis, a chloride-free diet is no longer able to render the urine chloride-free. Now according to the present hypothesis, it is a feature of the disease that the efforts of the kidney to perform its normal function of concentrating urea are frustrated by the diffusion of water back from the blood through the damaged cells into the tubular urine, thus dissipating the potential energy of the urea. The low urine chloride percentage on an ordinary diet represents, in these patients, the dissipation, by water diffusion, of work done previously on the urea in increasing its concentration, and does not represent an active and unnecessary expenditure of energy in depressing the percentage of chloride in urine below that in plasma. But a further depression of the chloride percentage in urine below this low percentage reached by passive diffusion would involve the expenditure of additional energy by the damaged kidney. The incapacity of the severely damaged kidney actively to reduce the percentage of chloride in the urine is revealed in the fact that with a chloride-free diet the urine is no longer rendered chloride-free, as in health.
The idea that diffusion either of water or of crystalloids may take place through damaged cells is not entirely new but, so far as I am aware, the consequences of this conception have not been entered into previously in detail. Volhard in his recent monograph quotes two experiments in which the administration of urea depressed the percentage of chloride and the administration of chloride depressed the percentage of urea in the urine of advanced chronic nephritis. He also deduced that the walls of the renal tubules were behaving like semi-permeable membranes, and he related this to the flattening of the renal tubule cells which is a feature of the disorder.
Shaw Dunn (1925) made the suggestion that the damaged renal cells in experimental oxalate nephritis are unable to prevent the indiscriminate leakage of glomerular filtrate with urea into the connective tissue and vessels of the kidney. While this explains the functional pathology of experimental oxalate nephritis, it is not a sufficient explanation by itself for some of the phenomena encountered in human nephritis, as for example the inverse relationship between the percentages of chloride and urea in the urine, and the maintenance of a chloride percentage in the urine below the chloride percentage in the plasma (which is not a feature of the experimental nephritis described by Shaw Dunn).
The hypothesis that some of the damaged cells are unable to prevent the diffusion of water appears to afford a satisfactory explanation of the main relevant features of the disease, but in advancing this view certain reservations must be made. The urine is derived from a large number of units, and in any kidney the degree to which these individual units are damaged, and even the character of the damage, must vary. The urine in advanced nephritis must be a mixture of fluids of widely different compositions, some almost normal, some which show effects of the diffusion of water and some which show the changes described by Shaw Dunn in experimental oxalate nephritis, which probably indicate that the renal tubules are so severely damaged that there is diffusion of urea and chloride as well as of water. Finally there may be a large proportion of renal tissue which is entirely functionless.
It seems unlikely that the functional pathology of advanced chronic nephritis can be explained in terms of a single pathological process, but our present knowledge is in keeping with the view that impairment of the capacity of the renal tubule cells to resist the diffusion of water is a predominant feature of the disease.
A New View of the Intrathoracic and Intrapericardial Pressures in Man By A. KENDREW, D.M.
In 1815 Dr. James Carson [1], of Liverpool, published a book entitled "An inquiry into the causes of the motion of the blood," and therein set forth his experiments and his views on what is now universally known as the negative thoracic pressure. At that time there was much discussion on the way in which the venous blood was returned to the heart, and supplementary mechanisms for
